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LOW-SPEED CHARACTERISTICS OF A
1/20—SCALE FOUR-ENGINE TRANSPORT MODEL WITH LARGE BODIES
MOUNTED ABOVE THE FUSELAGE

By Vernard E. Lockwood
SUMMARY

An investigation was made at a Mach number of 0.2 to determine the aero-
dynamic characteristics of a l/20-scale model of a transport airplene having
bodies with dlameters greater than the fuselage mounted above the fuselage.
The bodies represented were the Saturn first stage, a Saturn upper stage, and
a capsule large enough to contain either stage. All bodies had nose and tail
fairings.

The addition of bodies to the airplane model resulted in a large loss of
directional stability. The airplane-capsule configuration required a vertical-
tail area about 2% times the original area to provide satisfactory directional
characteristices. Although the bodies had a detrimental effect on the longitu-
dinal stability, the modifications to the vertical and horizontal tails that
were necessary for directional stability resulted in the combinationg having
greater longitudinal stability than the basic model. The minimum drag of the
airplane-body combinations were 50 to 70 percent greater than that of the orig-
inal airplane configuration.

INTRODUCTION

This investigation was made to explore the possibility of transporting
large booster rockets such as the Saturn by airplane. One method proposed by
an aircraft company was a "pickaback" arrangement of booster rocket and trans-
port. The proposal called for mounting & streamlined version of the Saturn
upper stage booster rocket above the wing of a transport airplane. Additional
proposals were made for carrying the full-size Saturn booster or a capsule large
enough to contain either stage. Because of the size of these bodies, which have
a dismeter considerably greater than the airplane fuselage, it would be expected
that the aerodynamics of the combination would be materially altered. Also it
might be reasoned from the length of the capsule and its nearness to the verti-
cal tail that the directional stability of the model might be seriously im-
paired. It is the purpose of this investigation to determine how the aerody-
namic characteristics of the airplane would be affected by the addition of the
bodies and what modifications might be made to the model in order to retain a



desired level of stability. Emphasis was placed on finding tail configurations
which would not entail large and costly modifications to the airplane. With
this in mind, many horizontal- and vertical-tail combinations related to the
original tail were tested. The vertical-tail configurations varied in size,
aspect ratio, shape, and number.

Results are presented for a l/20-scale model of a transport airplane and
for combinations of the model with the Saturn upper stage, the Saturn first
stage, or a capsule large enough to contain either stage. TFor all tests the
model propellers were removed. Rudder, elevator, and flap effectiveness was
determined for some airplane-body configurations. The model was tested at
a sideslip angle of 0° over an angle-of-attack range from -8° to 13° and at an
angle of attack of about 0° over a sideslip range from -8° to 16°. In addition,
a few tests were made over an angle-of-attack range from -8° to 13° at a side-
slip angle of 5°. The tests were made at a Mach number of 0.2 which corresponds
to a Reynolds number of about 1,390,000 per foot. The results are presented
without extensive analysis.

SYMBOLS

The force and moment coefficients are referred to the stability-axis
system, which is shown in figure 1. The reference dimensions used for reducing
the deta are those of a 1/20-scale model of the airplane shown in figure 2. The
moment reference point was located at a position 810 inches behind the nose of
the airplane and 234 inches above the bottom of the fuselage which corresponds
to the center of gravity of the proposed airplane-body combinations shown in

figures 3 to 5.

b span of model, 8.983 ft

[ mean aerodynamic chord of model, 0.843 ft

Cp drag coefficient, Longltud;gal force

Cy 1lift coefficient, E%gﬁ

Cy rolling-moment coefficient, Rolllggbmoment
) . oC,

CIB effective dihedral parameter, S——, per deg

B
Cn pitching-moment coefficient, Pltching—moment
aSc
Cn yawing-moment coefficient, Yawing moment

gsSb



oc
directional-stability parameter, —L, per deg

Cng OB
Cy side-force coefficient, §1§EE§2£EE
o
CYB side-force parameter, B , per deg
q free-stream dynamic pressure, 1lb/sq ft
s wing area, 6.683 sq ft
@ angle of attack of fuselage reference line, deg
B angle of sideslip, deg
o) surface deflection, deg
Subscripts:
e elevator
hig flap
T rudder

MODEL DESCRIPTION

Airplane

A l/20-scale model of the Douglas C-133 airplane which is a high-wing,
four-engine turboprop transport was used as the carrier vehicle in the wind-
tunnel investigation reported herein. A three-view drawing of the full-scale
airplane is given in figure 2 and a photograph of the l/20-scale model in com-
bination with one of the bodies tested is presented in figure 6. Dimensions
of the basic model are also given in table I. Although the wing of the model
was equipped with engine nacelles no propellers were used in the investigation.

Three body configurations were tested in combination with the airplane
model; they are the Saturn first—stage booster, a Saturn upper stage, and a
cylinder or capsule large enough to contain either stage.

Capsule

The capsule which had a diameter 268.0 inches and overall length of
1404.0 inches (full scale) was made up of three sections, a hemispherical nose,
a cylindrical midsection, and a tail fairing. Two tail fairings were used on



the capsule, one having a circular cross section and the other having an ellip-
tical cross section as shown in figures 3 and 4, respectively. Initially the
capsule was supported by four airfoil-shape struts but during the investigation
the forward struts were replaced by round ones. The capsule was tested in two
positions on the fuselage, the "basic position" and the "rear position." In
these two positions different shrouds were used. The long rear shrouds were
used with the capsule in the basic position in figure 3 and the short forward
shrouds when the capsule was mounted in the rear position in figure 4.

Saturn First Stage

The Saturn first stage, which is referred to as S-I, 1s a body with the
same overall dimensions as the capsule. In order to simulate the S-I a section
of the cylinder of the capsule was replaced by eight smaller cylinders arranged
in a circle as shown in the upper sketch of figure 4. A fairing at each end of
the eight cylinders completed the configuration. The S-I model was tested in
only the rear position and with only the round support strut.

Saturn Upper Stage

A sketch of the Saturn upper stage booster (S-IV) which had a diemeter of
220 inches (full scale) and an overall length of 837 inches is given in fig-
ure 5. 'The booster was mounted on a bracket called a test bed which in turn
was mounted above the wing of the airplane. The booster was detachable so that
the bed could be tested in combination with the airplane model.

Tail Configurations

The various tail configurations used on the model are shown in figure 7.
Several of these configurations made use of the basic stabilizer as shown in
figures T(a) to 7(d). Other configurations used a constant-chord stabilizer
with the vertical tails as shown in figures T(e), 7(f), and 7(g). The dimen-
sions shown in figure T are full scale; the figures in parentheses associated
with each surface are the area in square feet and the aspect ratio. The data
from & particular tail configuration are also identified in a like manner on
the data plots. The vertical tail of the basic configuration is referred to
as the fin on the data plots and the auxiliary vertical surfaces are referred
to as end plates. If both end plates and fin are off, the horizontal tail is
also off.

TESTS AND CORRECTIONS

The investigation was made in the Langley 300-MPH T- by 10-foot tunnel at
a Mach number of 0.2 which corresponds to a dynamic pressure of 57.5 pounds per
square foot. The Reynolds number of the tests was approximately 1,390,000 per



foot of length. Transition strips approximately 1/8 inch wide of No. 100 car-
borundum grit were placed on bodies and surfaces at approximately 10 percent of
their length to insure turbulent flow over the model.

The forces and moments were measured on the mechanical balance system which
surrounds the tunnel test section. .

Blockage corrections determined by the method of reference 1 have been
applied to the dynamic pressure and drag, and jet-boundary corrections deter-
mined by the method of reference 2 have been applied to the angle of attack
and the pitching-moment and drag coefficients. Drag coefficients have also
been corrected for tunnel buoyancy effects.

PRESENTATION OF DATA

An index of data figures 8 to 31 is presented in table IT. A summary of
the aerodynamic characteristics is presented in figures 32 and 33 for some
model configurations.

SUMMARY OF RESULTS

The addition of the bodies to the airplane model resulted in a large loss
of directional stability (see fig. 8) which could be overcome by the addition
of a large amount of vertical-tail area. Several configurations involving end
plates and the original vertical tail gave marginal directional stability but
1
2
a large degree of directional stability with no appreciable nonlinearities in
the curve for yawing-moment coefficient as a function of sideslip angle
(fig. 32). The combination of the airplane model and the S-IV booster required
the addition of end plates with a total area about equal to that of the center
fin to give directional stability equivalent to that of the basic alrplane con-
figuration (fig. 32). The modifications to the vertical and horizontal tails
that were necessary for directional stability resulted in the model having
greater longitudinal stability than with the basic tail configuration. Addi-
tion of the S-IV or the capsule increased the minimum drag about 50 and TO per-
cent, respectively, over that for the basic model (fig. 33).

only the twin vertical tails with an area about 2= times the original area gave

Langley Research Center,
National Aercnautics and Space Administration,
Langley Station, Hampton, Va., December 11, 1963.
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TABLE I.~ BASIC DIMENSIONS

Wing:
Area, sq ft . . . . . . . ..
‘Span, £t . .. . ... -
Mean aerodynamic chord, ft .
Aspect ratio . . . . . . . .
Taper ratio . . . . . . . « &
Airfoil section:

Root- . « & ¢ ¢ ¢ ¢ ¢ ¢ « o

TiPp o ¢ ¢ ¢ ¢ ¢ ¢« ¢« o o o @
Total flap area aft of hinge,

Inboard, sq ft . . . . . .
Outboard, sq ft . . . . . .

Horizontal tail:

Aréa, sq ft . . . . . . . ..
Span, ft . . . . . . . . .
Mean aerodynamic chord, ft .
Aspect ratio . . . . . . . .
Taper ratio . . . . . . . . .
Airfoil section:

Root . . . .. . . .. ..

TiD ¢ v« o ¢ o o ¢« o o o o @
Elevator area, sq ft . . . .

sq ft
Flap mean chord aft of hinge line, ft . . .
Meximum cross-sectional area of engine nacelle:

OF 1/20-SCALE

e o o o . e o
. e e e o e o
. e o e @ o o
e o ® e e @ .
. e e o o o e

Elevgtor mean chord aft of hinge line, ft . . ..

Vertical tail:

Area, sq ft . . . . . . . . .
Span, ft . . . . . . . .«
Mean aerodynamic chord, ft .
Aspect ratio . . . . . . . .
Taper ratio . . . . . . . . .
Airfoil section:

Root . . ... .. .. ..

TiD ¢ ¢ ¢ ¢ ¢ ¢« ¢ o o o o &

Rudder area aft of hinge line, sq
Rudder mean chord aft of hinge line, ft . . . . .

ft

» e e o e e o
. e e o o o
e s e o o . e

MODEL

OF ATRPLANE

e e e o o o
e e e e .
o« o o e o o

6.683
8.983
0.843
12.07
0.228

. Modified NACA 23017
. Modified NACA 23015

. s & ® & e
e o o o o @
- e o o e o
o o e o o o
o o * o o e
. - e o e o
. .« . e o
. e o . . .
. . e o o o

.« . NACA
. . . NACA 64A010.T7

. e . NACA
. . . NACA 64A010.7

1.239
0.222

0.072
0.071

2.002
3.000
0.722

k.50
0.348

6414012

0.301
0.239

1.342
1.575
0.923

1.85
0.345

641A012

0.343
0.289



TABLE II.~- INDEX OF FIGURES

[capsule | Teil | strut | a, 8, 8rs  [Bes |Bes
Body Stabllizer Fin End plate position| fairing shape deg deg deg deg|deg Figure
Capsule® Basic? |8(537-1.85)|2(266-1.73)| Basic Circular [Airfoil|{ O.42 [-8 to 16 o] 0] o0 8
Capsule® Basic® |B(537-1.85)|8(266-1.73)| Basic Circular |Airfoil|-8 to 13| 0, 5 0 9
Capsule Basic (537-1.85) | (266-1.73)| Basic Both Alrfoil| O.43 |-8 to 16 0 ofo 10
Capsule Basic (537-1.85)| (266-1.73)}| Basic Circular | Both 0.43 |-8 to 16 o] ofo 11
Capsule Basic (537-1.85) (266-1'.73) Basic Circular | Round 0.4 o] -8 to 20{ 0 | O 12
Capsule® | Basic® (*(537-1.85)|%(266.173) | Basic | Circular |Airfoill-8 to 13] © ) olo| 13
Capsule Bagic Various (420-2,08)| Rear |Elliptical| Round 0.44 |-8 to 16 0 o0 1k
sS-I or Baslc (591~2.68) | (420-2.08){ Rear |[Rlliptical( Round 0.43 -8 to 16 0 o]0 15
capsule |
Capsule® Basic (591-2.68) | (420-2.08){ Rear |Elliptical| Round 0.k2 |-8 to 16| 0, 20 ol o 16
S-I%8 or | Basic Various (420-2.08)] Rear |Elliptical| Round |-8 to 13 o] 0 ofo 17
capsulea‘
R AU R S _ | . R .
Capsule Constant Various® |®(420-2,08)| Rear |[Elliptical| Round 0.4k |-8 to 16 0 0|0 18
chord?®
Capsule® | Constant | (588-2.48)| (420-2.08)| Rear |Elliptical| Round 0.k2 |-8 to 16 0 o|o 19
chord
Capsule® | Constant |%(588-2.48) |#(420-2,08)| Rear [Elliptical| Round |-8 to 13| 0, 5 0 ofo 20
chorg®
Capsule® | Constant off (420-2,08)| Rear |Elliptical| Round 0.k2 |-8 to 16 0 0|0 21
chord ]
Capsule Constant off (420-2.08)( Both Both Round 0.43 |-8 to 16 o] 0|0 22
chord
Capsule® | Constant ore 8(420-2.08)] Rear |Elliptical| Round |-8 to 13 0 o oo 23
chord®
Capsule® | Constant off (663-2.31)! Rear |Elliptical| Round 0.h2 -8 to 16 o o] o0 24
chord
Capsule® | Constant oef (663-2.31)| Rear |Elliptical| Round 1.20 |{-8 to 16 0 0 (ko 25
chord
— [ DU A4 [ I
Capsule® | Constant off (663-2.31)| Rear |Elliptical| Round |-8 to 13 0 0 oo 26
chord L | 7%7_L*_7 I R T T
Capsule® | Constant off (663-2.31)( Rear [Elliptical| Round {-10 to T o] o] 0, 540 27
chord
[ S— - - — S U - L. .. O - —-— -4
s-Ive Basic® |B(5%7-1.85) | Various® | ~-—-- |-—me—mmeem [mmmmen- 0.41 |-8 to 16 0 o1}o 28
S-Iv Basic (537-1.85) | (266-1.73) - ———- -| o.k1 [-8 4o 16 0, 10 0|0 29
s-Iv® Basic® |%(537-1.85) |2(266-1.73)| =---= |-=c—mmmmms|mmmee -8 to 13] o 0 olo | 2
58-IV bed®| Basic (537-1.85) | (266-1.73)| =-===- |-=m=~=-=oc[-=maemm -8 to 13 o] L0 of|o 31

aF:Lgures also include data with component off.
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Figure 1.~ Stability-axis system.
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Rudder hinge line
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Dorsal fin
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8000
~—200.0
‘Reference dimensions
Airplane Mode/!
Wing area,sq ft 2673.2 6683
Mean aerodynamic chord,ft 1686 843
Span,ft 17966 8983

Figure 2.- Three-velw drawling of basic airplane.
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649.80

A1l linear dimensions are in inches unless otherwise indlceated.
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Rear shroud

Fuselage reference p/aneﬁ\
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Front view Rear view
1781.8
' 14040

~135.0—=—1340 i 867.5

/- Circular tail fairing

"r 402.5

2340

7]

="

810.0

Z/‘-‘use/agez reference plane

Figure 3.- Capsule mounted on airplene in basic position. ILinear dimensions are in inches.
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Forward shroud Tank fairings
g //a;iam.
\—_ .

3052 _IL 6763 - 4225
Top view of S-I with nose and tail fairings

17818
! 14040 -
3740 1340 867.5 2660 402.5
{ Eltiptical tail

fairing

~Round strut (100 diam.)
280 Momen! reference

\— Fuseloge reference plane

Side view of basic airplane and capsule

Figure 4.- Capsule and S-I mounted on airplane in rear position. Linear dimensions are in inches.
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Front view
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— 464

x —Moment reference
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Figure 5.- S-IV booster mounted on airplane. Linear dimensions are in inches.
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L-61-1729
Figure 6.- Photographs of l/20-scale model of capsule and basic airplane configuration mounted in Langley 300-MPH T- by
10-foot tunnel. Inset end plates (420-2,08) on basic stabilizer (591-2.68); elliptical tail falring; rear capsule
position; round support struts.



L-61-1730

Figure 6.- Concluded.
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B -

Inches, full scale ___/,

Square feet, full scale

(537-1.85)
Aspect ratio
378.0

g2.0

Reference line

(a) Basic tail.

Figure T.- Drawings of tail assemblies on model.
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NACA 0010
Airfoil
(93.2-2.11)

Reference line

(p) End plates (93.2-2.11) on basic tail.

Figure T.- Continued.
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(537-1.85)

fe—— 156 ———

f—<——112——>-

NACA 0010
Airfoil

(V

(800-4.50) ——

Reference line
/

1‘ i

=
lt——— 156 ~——»
"""—”””’,///”//f/f/f’

fe—— 180

(c) End plates {(266-1.73) on basic tall.

Figure T7.- Continued.
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/ (800-4.50)

(501-2.68)

/ . I I
R
Fin extensions made Dby (574-2.32)
wrapping sheet metal \ N
around fin and rudder ]

(537-1.85) 478

(420-2.08)

Reference line }

(d) Inset end plates (420-2.08) on basic tail.

Figure T.- Continued.
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(420-2.08)

Reference line

(e) End plates (420-2.08) and center fin on constant-chord stabilizer.

Figure T.- Continued.



/ NACA 0012 airfoil
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\ !
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\
\ / '
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_ _ \ b
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\ / |
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] _ V¥
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Reference line ;///74

(£) Detalls of end plates (420-2.08) on constant-chord stabilizer.

Figure T.- Continued.
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Referencé line .JA
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(g) Details of end pletes (663-2.31) on constant-chord stabilizer.

Figure T.- Concluded.
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Figure 9.- Effect of vertical-tail configuration and capsule on lateral stebility parameters.
Basic stabilizer; circular tail fairing; basic capsule position; airfoil-shape struts.
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